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(57) Abstract: 

PURPOSE: To improve the reliability of a pilot symbol and 
to improve synchronizing detection performance by 
providing a means for interpolating the pilot symbol only 
to one channel among channels to be multiplexed and 
transmitting it on the transmission side, and providing a 
means for estimating the state of a line from the received 
pilot symbol on the reception side. 

CONSTITUTION: A pilot symbol (PL signal) 105 is 
inserted to the channel having a spread code '0' in each 
cycle by a switch 104. The multiplexed signal is 
modulated by a radio transmission part 107, and 
up-converted to a transmission frequency and transmitted 
from an antenna 108 later. On the reception side, the 
signal received by an antenna is down converted by a 
radio reception part, demodulated and inversely spread 
by an inverse spread circuit while using respective spread 
codes later. The PL signal is extracted from the signal 
inversely spread by a spread code '0' through the sv^ch 
and based on that information, the transfer function of the 
line is estimated by a line state maintenance circuit. 
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■§-(7)ft*it^H*< ^'cC^o TDD (Time D i v i s 
ion Duplex) i tli2l^m[5]-^^;&^<75 C i: 

/^{mz-^^w^mx^xmrn^rftjio-^j^x-h^. 

[0 0 0 3] ^/c. v^^/WiHti:i*5tt^1^«S:&^0 

0^. W\mm^:)j^\^m^^^:>j^\z^-^x9Lf\^fz^m 

tt^^L. h^*9'^ (BER) ^m^fz^ 

{::i£^^^/c^E b/ I O/i^^tUSi/^^-^Tfe^o 

mmm.m:)u^i)-mm^r\^x\^^^ i^m " p:^±^ 

^f^B-II Vol. J72-B-II No. 1 
pp. 7-15, l989)o C co:}j^X\±. ^{t-t--< 

CDMAl::i@^L/c:fe-S7is^^$ttTv^6 (m^ Xq. 

" DS/CDMAt;i:Jott5F^if^fpl^^tKR AK 
EO^#i4Ma^S^RCS 9 4 - 9 8, 1 9 9 4) o- 

m.mti:mcDMA{z:ifo\.^xmmmm^'^mi:i-t;^jj 



^^■Y^^jutitmLx^ii\.^m^xmm'r:b:ithh^. 

[0 0 0 4 ] EiSffititCDMAf-i^l/^-C. 1 5^-r^>/^ 
\^^^miz:^^^xmmmm^n^^om^. ±m^<^ 

[0 0 0 5] El 1 2 n :y h -y>'^J\^^m\^^X'^jU 

]^^^m^fft^: 0 m^cD^m-r ^-^^ ^-^i-y ^—-^ 

-KO-N-l) i^mi.X^^^^o ^^-^^vvtry-?^ 
n y hi^l^^JU (Phit^) 12 0 1 Tli^iSfflTfeClF^lf 

[0 0 0 6] 

[0 0 0 7] — /-^V n :y h^-^;t>/V^ffll^T-^>'V^ 
\'^&^^n^J:^M^(Om^(Dy:;t—^^y h^ll^EI 1 

[0 0 0 8] -<o^om^%(Df^m^'^m^ 

itr |H].^<^®fDtttgr^±^[l]^ - t (oxt ^ffiix/c c D 

[0 0 0 9] 

(ItetSc^-K) a:)^Kmmm^zy<^ ^ y hiyi^Tt^^u 

^^m^mi^x^T^m-r^^^^mx.. -(oy<^ n k v 




[0 0 10] 
[0 0 1 1 ] 

n 1 ^-*^v^r. low^mm'f—^. 102^153-^1 

l0 3fmm:[Hl^. 1 0 A\±:^^ y-f^. 1 0 

PLit^. 1 0 eti^miH]^. 1 0 7 tiM^ii^tgR. 1 
[0012] mt'f—^ 1 0 1 fi. ':^mm^ i o 2 -tn 

m^l 0 6fCi i9^fi$n^o n ^ (P 
Llt-^) 1 0 5 (-i. :y5^ 1 0 4 J: <9 i^fW'T'-^ 1 

0 1 t ^m^m^t\^^o :^mmm\z^\^^xn mmTmc 

n h v^^-T^yi^Jf Ali:rpltl^ fill^^^^ 

[0 0 13] m2i-±:^Mmm<D'^j\-'^:='— Ke^^fc^ott 
PL^t^ii^a ikpbT2 0 1 tmmy'—^mmm.r^2 02 1 

^^h^^V. P Lm^S«iKr«T2 0 1 (:::P LfS-^2 0 3;^^ 
St:ia:tfi:?^-^0coPL{t-^2 0 3 0^;65^i^S^tt^o 

:^jj^xi±. PL^fi^^cffll^^&t^c^?^^li^^ta-^" 

viz. PLm^^s 0 iia^iLLfzitmn^^-^K.^:^^ 
xi^x\^^zt\±m:^^xh^. 
[0014] ±mmm&nzxti\:i. mim^m. n 

[0 0 15] mMm2) :^m:M&nz^i'^:5CDMAm 

^^&^mmm.(Dmm-±'mmm 1 1 ^mx-^:^^ c dm 




4 0 1 nr-^^-r. 402 li^^Sft^. 4 0 sn 

i^ittfelHl^. 4 0 4t±;^^:y^. 4 0 5flPL<g^. 4 

0 6 ll[Ei«lt^^ffi:£[H]g&. 4 0 7 Jlf^Sl^zSlH]^. 4 0 
8ti2fitW^[H]^. 4 0 9 (l-^^SSg. 4 1 Ofl^m^' 

—i^xh^o 

[0 0 16] T>^r'-r4 0 1 T'Smufcft-^fl. 

{ta54 0 2-e^''>>'^v^<- h^n^sPi^tvycms is^ffi 
wciB]m4 0 3x^i!:Wc^^^^m\^^xm^m^ti^o 

u y hiy:^>t^J\y (PLit^) 4 0 5fls :^-f :y^4 0 4 
LTtetSc^^ ^ 0 i:: J: o Ti^JttJc ^ ttfcff-^?:*- ^tttU 

^4 0 6 i:l^5l^T^i:^-r5o ^ur. [nim^^m^iHi^ 
4 0 6(:l^Bl^T^t:^$n/cW^■5^"^i^m[^rR1^D^v>- 

TK/KO^itS^^fflV^T. ^^-v^vWmi^1$2^lHl^4 0 

jx^m^tL^, &h\z^ 2ffi¥iJ:^iH]^4 0 8T-2{ii:<k: 

'g^^lH]^4 0 4TloC0'7-^-^^?)JtC^^^tl.r 

SftT^— ^ 4 1 0 i: LTttl;':i^ix^o 
[0 0 17] ±KIIJ£«^yt:iJ:^{i. -^^u^^- Kfei^d 

^m'^irhztx. ^m^Mz^X(D'^-r^-^\-<7:>mm^ 

[0 0 18] mmm3) ^^mmzisi^^^cDwiAm 
^LfciDi to^i^is^tasi 0 7iz^my<um^^5 09^ 

1 tm-(omfS.x^^o 

[0019] mmm 1 1 mmiz. mmy'-i^ 50 in. 

^5 0 3i:iJ: '9^^:i^c$:rb. ^aiD^s 0 6i:iJ: 

/-^-r u :y h t/V^Vv- (PLm-^) 5 0 5fl. 

y^5o 4\zx^mmTmzmwcn^oiW-:>^^^-^\^ 
ji^<Dmitm^nt^:<. x^x -<Dm?^(D^mn^-ny<^ 

-h^thfcm. T>'7"-^5 0 87)^e>il^t^K^o :z<Dt 
M^i^m$fS5 0 7 J:i:JoVN-C. il^m^°l7*J^m#5 0 
9^;lJ;'9^t/^y^^J^ft^i^SI^^-^T7^^5rt^cJ:^9. y< 
^ uy h iy:^yr^/i^^^itK?^(D'f'^r ^-/i-^fc ^ (D^^im-^^'y 

n. mmm 2 tmmxh^. 

[0 0 2 0] ^mmmm^zxthi^. u^y h v'>'^vu 
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[0 0 2 1] imMmA) *:^^£^?!)^:l:^o^t^cDMA^ 
m^mm{tmm.(Dmm^mMm 1 1 ^^mx^^^o m i \z. 
ib^iN-r. i^ft^-^ 1 0 1 ^^>gS0^i 0 2-e^^gi-r6 

1 0 \ mj]M^hMm^'-^ tmny"-^ (D 

1 t^mxh^. 

^fi^iTt. ;^fflTSf-ffitfc?5F#0£7)PLm^6 0 Kt:)^ 

^-Y^>/l^£o^^;i^:^^•^o^fflv^T. put^e o kd^^ 
[0 0 2 3] mm^-^ ^^"f-^ ^-M^'j^m.i.x^m-r 

:^^xh^. -thKMi^x. ±mjj^(DXoi^mmy'- 
-i^Bm^-^mxh^o ctoT. ^mmm(7:>^^j:^^^ 

[0 0 2 4] (^JS^!l5) *:mS^!|{C^o(t^CDMAM 

^#ai^ft$^^(?:)ffi^f^^JS«^y 1 ^f^li-e&^o CDM 
[0 0 2 5] Ti^^i-? 0 ix^mi^tcm^-n. mm^ 

m^7 0 2Xy^:y:=^i^y<—h^thm.m^^fcm. 

m[B]^7 0 3x^ii:mn^^m^^xm^w^^th^. 

n hi/^^J^/u- (P LfS-^) 7 0 5tl. ^^-Y :y^7 0 4 
L r ffitfc^^ 0 J: o T ffitlic ^ tifcm^;^^ ^ ttm 

^7 0 6 i:l:ib^v^r4t:^-r^o :i(Dt^. \Bim^Mm'^\m 

S^7 0 6H. f^J9]1^^^t-#C/>^VK7:)fit9^«:£-t-^ 




/-c tf ^g-z^ - ^ ism E r^^ CO # > ^ 

^"^^^^junmm^^^^T 0 VX^^^tl. RAKE 
-^^0^7 1 0-t:v^°:^^V^^-v'^$n^o 2 
mm'^\B]^7 0 8X2i&t^ti. -^i^JclH]^ 7 0 9 Tl o 
(OT^^-i^^^iJiC-^^^tt-CgmT^-^ 7 1 1 ^ LTm;^j 

[0 0 2 6] ±mmMmi^xti\-t. '^;v^:=i— 

jv^^m-t^-tx\ ^m^m m^mm # 
m^Mz.^x(0'f~^^-j\^(Dmm^^^^x^^AKE.'^^ 
^rrfj^oz.tt-x^^^ 

[0 0 2 7] imMm^) *:^ifee^JJ-*5tt^CDMAM 

u^mmm'^w^mj&i't'Mm.m 1 1 fsim-efo^. c dm 

AM^^SSfH^^(0«^^lll8{:i^-ro ^ife^J2t;i*3 

v^T^bfc[ii4t7)^g^{i^M/-^°!7^j^?i§^a5 8 1 o^m 

^fz.m^ttj:-^X\^>^^a <toT. ±tB 8 1 0 i^:^f±EI 4 
[0 0 2 8] Tl^'T'T 8 0 1 X^m bfcff-^tl. 

n:/!-^/^/}^/^ (PLft-^) 8 0 5 Jl. ;:^-f:y^8 0 4 
^ L Tffitfc^ ^ 0 i:i <t o T ii?&tfc ^ :H/-c{t b am 

^8 0 6i::^^v^T«:£-t-'5o ^(Dh^. mm^mm^^^ 

^8 0 6t:ijb^l/^T. ^mm;^^S I NR (S i g n a 1 
to Interference — plus— No i 
s e Ratio) ^*is6 5 C ^ J: »9 . ^ft^-^y^Jt^ 

^^^8 1 oxmm^<vi:tmi.x. m'Em^\^f3^t\^ 
it^siHi^8 0 7-ei^^e^tb^o 2\m\'^m'ms 

0 SX2\m\:.^f\^. ^^0^8 0 9-Clo<7)-^*-^^^iJ 

tc^^^nrSft'T^'— ^ 8 11^ LTm:>^ ^tt^o 
[0 0 2 9] ±tB^5fefi^J^-J:;rb^i^ '^;v^::^—Y^^\^ 

/w^^^B-r^- ^-r. [H]«st^^ mmmm m'^(D\^m 

[0 0 3 0] mMm7) ^^SS^!l{:i:fett6CDMA^ 
^#fi^myg^(7:)1?S^^E19t::/i^-ro 3 ^-^oV^T 

^L/'cE]5(7:)=f«^(;i^>:7''r (RU) {t-^9 10i: 
yvv^^^'^^/ (RD) m^"^ \ \^M7Lf:im^ttJ:-z>X 
<toT. ±ta2{t^a:S^Jl[ll 5 ^[^— 

Ji 19 *:5J:t/5:z:T^ factor. Ml^^m{-isv>ril&^t^i^ 
[0 0 3 1 ] imrn^ tmm\z-. xkm^^~^ 9 o i f^. 
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0 3\:iX^itm^ti. ^iilE]^9 0 etcj: *9#fi$ 

-efc^i^^^^iiTt^i/^o ^v:rr:y:7' (Ru) ^9 1 on^ 
mm^r^cDmPhm^A^th. ^/c^>^y'^'^>' (rd) 

^^T/^5^i: t^t^-efo^o S^Htt'Jcoibf^fl. ^$£^0 2 

[0 0 3 2] itB-x^/v-^r^— Kea2gt:iibni'^^-Y^.yv:7 
^^^.^ h(0^!)§rllil O^-^-To Ctt(lCDMA/TD 
Df-:Jbnt^-^/i-^:=t— K^il^ot^ilTfc^o m 1 0 t::^oV^ 
T> lOOltlPLlt^. 1 0 0 2l±=7>'ZfTyy'm 

1 0 0 ail^:/^^:^*!^^!-^^ 1 0 0 4tl;^/— 
-YA, 1 0 0 5tlilftfflD5^-V^vK 1 0 0 6fr-±iS{t^ 

B^^^vK 1 0 0 7 tia^^mEr^i. ioo8i±^mm.m 

[0 0 3 3] TDD*ll^-(7)^^]^iS^^^{t/§:«l:i 

i^^Tt^. ^{tiKr^T 1 0 0 7 tsim^r^ i o o s t^R#5>§fj 

;^"K^-YA (GT) 1 0 0 4 ig^ll^t^ 

my"-^ (omtmtt^m tf^Tmcp Litw 1 o o i ^jf 

[0 0 3 4] HI 1 o-e(-±. l^^^^/U:^^^m^ti. 
p 0 0 1 7=^-^i^miE:rBic^5"-v^>yi-^fc'9 
coi;^{t/'^r7 0DMfS (i^M^N-f 1) T'^ft^ix^^j-e 

^^e^-r^il«fflDf^-VTvUl 0 0 5 <tf»^T'-i^>^ 

;bix^, f^^l:i. y:yyT^yy' (RU) 1 0 0 2 tl. 
i^^tEr^lcOll^^B^f::. ^fc^^-y^^^^^ (RD) m^-l 

0 0 3H. ^^mm.m(Dff^TmzmmmD'^-Y^^McWA 
[0 0 3 5] ±mmmm^^xthj,^. ^<—y. hmiB<D-^/u 




<. y>'-rm^-^i'^-Y^-/\-(D^x^^m'r^:ztx\ m 
m^tt:bitwcnwmm<}^^ir^-tx\ ^>>^m-^coii 

[0 0 3 6] 

i,z^ -^ju'f'^i^ }^'^^lz^\,^X. "^^^-^i^co 
^\zj<^ xjyV C/V/Kyv^fl^r^^^a LTia^t-r^ :i 
-C\ ^'^^^^fV(r:>^<4 n^y Y^yl^if^M^(0=^\^^f^< 

x:iy Viyl^if^MZ-H-^-^^W {{^WM'^W) ^i^^>$i^ 

^ u ^y hi^>'yr^M:ix^\B]m^m (mmmm 

[El 3] 1 i:i:}o(t5^^^vi-:7:^— 

[IIl4] *«P^(7)J?JS^!j2lC:5ott^CDMAM«S^SS: 
[His] :^^P^(D^i£^!|3{^it5tt^CDMAM^#fiil^ 

[IDS] :^%P>^(7:)JI5fe«6 t-ibMt6CDMAM^^aS 
[[119] :2^^P^co^J£^y 7f;iio(-j-^CDMAM^^ai^ 

[mi 0] :*:%P^(0^iS«ry7l;i^o'tt^^-r^>/v:7:;i---7 

[mi 2) 'i^^(D=^^:^-f\yy-^—7-yV(r)—m^f^'tm. 

^m 

1 0 1 ^ 
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10 2 






70 5 


PL«^ 


10 3 






7 0 6 




10 4 






7 0 7 




10 5 


P LiB-^ n y 




7 0 8 




10 6 






7 0 9 




10 7 






7 10 


R AKE'g'iS;{H]£& 


10 8 






7 1 1 




4 0 1 






8 0 1 




4 0 2 






8 0 2 




4 0 3 






8 0 3 




4 0 4 






8 0 4 




4 0 5 


P L^t-^ 




8 0 5 


PL«-^ 


4 0 6 






8 0 6 




4 0 7 






8 0 7 




4 0 8 


2{tt4^j^lH]^ 




8 0 8 


2{ct:^ih]^ 


4 0 9 






8 0 9 




4 10 






8 10 




5 0 1 






8 1 1 




5 0 2 






9 0 1 




5 0 3 






9 0 2 




5 0 4 






9 0 3 




5 0 5 


P L{H-^ (-^"^^ n -y 




9 0 4 




5 0 6 






9 0 5 




5 0 7 






9 0 6 




5 0 8 






9 0 7 




5 0 9 






9 0 8 




7 0 1 






9 0 9 




7 0 2 






9 10 




7 0 3 


JA" rlA. l_J 




9 11 




7 0 4 











[^mP] ¥^1 0^8^ 1 1 0 
[^^ffilEl] 

t£ c D M A mu^m^^m 

[#^ffilE2] 
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intern L/C {t^^[^,mi^-r 5 ^Si:. ^KL/c{H-^>^ 

^ffitic^^-eigifctfc-r^^^^. intern L/cm^:^^^>-^^ 

-^^-r ^ jr ^{j X. fe c D M A mm^mBmmm. 
ii^t m:^ -xrM^^m-t- ^ ;t /c r ^ ^ -r ^ 

^ <b ^ ^ -r ^ §a^ii 3^fe^i4 tai£t7^ c d m a 

- ^ ^ -t- 5 fg^ 1 ^ II 2 IB $£(7^ C D 




tz n 4 mm(o CDMA mm^m^^i^mm.. 
^^jiyx^n-r h:it ^Wi^ t-r^ m^m i tm.o:^ c d 

MAM^»mij|{ajgg^o 

tfl^Jl 8 tBiScOC DM A^^»geij|^^o 

R A K E-g^/S^^T^c^ 9 ^ i: ir -r 6tS*iI 3^fcl^ 
_4 tB$S(7:) C DMA^^^fi^2]J^^go 

7i 0 ^^^^ p h v/>7}f/V7:)-^^<tm;^^/c 

tlSINR (Signal to Interfere 
nee — plus— Noi se Ra t io) 

^^ySim^tr^cf 9 ^ ^ ^ -r^ ffl^Jg 3 ^ 4 IB 

igcOC DMAM^^fiea^32ggo 
[fg^iilS] TDDg^^/ctirp1^fej^t::ib-tt^^<- 

J gl 2 HBtfetO C DM AM^#fii^ffi^Bo 

ItS^iIl 4] t^^ill. 2. 5s 7. 9(7:)CDMA^ 
^^ai^^ma^^coM^ffi^^Sfgi"^ C DMAM^Sm 

CDMAM^jiim^tT?tg9afgSIEt:ijb-iNT. tS:^!! 
1. 2. 5. 7. 9(OCDMA^^»gjG^g^gOffi% 

^{ix.feCDMAM^Sm^Bo 

[tt:^^Il 6] 1 ^ - if - Xzm^"^ -V ^vi- fj «9 ^ T T 

CDMA ^^iim ^ ?i 5 "^t^mx o T . 
mit B^gcco^-^^vix^ »a-r ^ ^ . 

uyV ^^i^if^)V(D7i.-^^M%'r'^m^ t ^{ii;lfec DMA 

c DMAmmmm^n^j: o mn:^^^xh-:>x. 
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u y V \y>^^;V(r>:^^ mm't^^^t ^ft1x.fc C DMA 
m\. ||2<7:)5"^^>.yu^ 1 if— t;iSiJ 19 ^TTCDM 

/v^iB^-r^#@^. 

1. ii2 5^-v^vwfet^teticjtaig^-r^#ife^. 

[#^ttlE3l 

[«IE>Pj-^Jlg^l 0 0 0 1 
[0 0 0 1 ] 

}r ffl V ^ ^ i^t ^ C D M A #l«I^S3^S^® :Jb^ i C D M A 
^^^Sg^^ gfe J: t5 C D MAmm§:mmW: :iS ^XfC 

miEMmM^^] 0 0 0 8 

1 0 0 0 8 1 ^mmn. -(DX^ mj^^(omm.^^f{m 
im^MmM^^] 0 0 0 9 

[0 0 0 9] 



p y hv->7Kyu^gBg-t-^^^^iliB;t. ^^t^^f^. m 
gB^°-< p h ->>-^Vu-^33^ftLrl^^lSr^^^lmItB/^^ p 

miEMmm^^] 0010 

[0 0 10] 

[l^ffl] L/c:;6^oT. ^^mi^Xt Ll^. y< ^t2yh^-r 
[^^«iE7] 

[ffiiEMft*^^] mmm 

miEMmM^^] 0 0 12 

[0012] ^ny"-^ 1 0 1 f^. ^m\B]^ 1 0 2 -CN 

^ffitfe??^^itoa:tfclHlKl 0 3{CJ: t9Ktfc^:h.. ^fi 
0^1 0 6f-ct »9#fi$tt^o y^^p hv-^-Tj^^l- (P 
Lit-^) 1 0 5t^. ;^-f :y5^1 0 4{-<J: «9ilMXM^ 

^t:i/<£'5o ^fi^tu/c^t^tl. M^52^S^1 0 7t;::J: "9 
y'f-f' 1 0 S:^^hmiB^^^o 

miEMmM^^] 0 0 3 6 

[ffiIE*?£] 

[WiEP^^] 

[0 0 3 6] 

fifef^idi »9. R AKE'g'^^i^fH>'-l7 3ifH^£7:)tiSgr^± 
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